Glutathione-dependent biotransformation of the alkylating drug thiotepa and transport of its metabolite monoglutathionylthiotepa in human MCF-7 breast cancer cells.
In this study, the role of glutathione S-transferase (GST) P1-1, the cellular reduced glutathione (GSH) status, and ATP-dependent efflux pumps in the cellular glutathione-dependent biotransformation of thiotepa and transport of the main metabolite monoglutathionylthiotepa in relation to cytotoxicity was studied in control and GST-P1-1-transfected MCF-7 cell lines. It was demonstrated that an enhanced cellular level of GST-P1-1 leads to an enhanced formation of monoglutathionylthiotepa, which is transported out of the cell into the medium. Monoglutathionylthiotepa was able to reversibly inhibit the activity of purified GST-P1-1, but only at nonphysiological concentrations, indicating that feedback inhibition of GST by its metabolites is not a relevant process in vivo. The GST activity, cellular GSH level, and/or ATP-dependent efflux of monoglutathionylthiotepa were modulated using ethacrynic acid, D,L-buthionine-S,R-sulfoximine, probenecid, and verapamil to understand the interplay between GSTs, glutathione conjugation, and efflux of glutathione conjugates in more detail. Inhibition of the GSH biosynthesis by D,L-buthionine-R,S-sulfoximine, a specific inhibitor of gamma-glutamylcysteine synthetase, significantly reduced the glutathione conjugation of thiotepa and potentiated the cytotoxicity of thiotepa. Pretreatment of cells with ethacrynic acid resulted in decreased formation of monoglutathionylthiotepa as a result of inhibition of GST in the GST-P1-1 transfectant. In addition, the intracellular amount of monoglutathionylthiotepa increased in both of the cell lines on exposure to ethacrynic acid, indicating that transport of the glutathione conjugate was partially inhibited by the glutathione conjugate of ethacrynic acid. Transport activity of monoglutathionylthiotepa could also be inhibited by probenecid and verapamil, inhibitors of organic anion transport, without influencing the biotransformation capacity of the cells. It was demonstrated that inhibition of glutathione conjugate efflux by probenecid and verapamil leads to enhanced cytotoxicity, which indicates that besides thiotepa, monoglutathionylthiotepa is also cytotoxic for the cells. Only enhanced biotransformation and subsequent transport of the glutathione conjugate into the medium (which occurs with the GST-P1-1 transfectant) results in enhanced viability. Therefore, it was concluded that only enhanced biotransformation of thiotepa represents a real detoxification pathway when the resulting conjugate is transported out of the cells. Altogether, the results indicate that it is not the overexpression of GST per se but the interplay between GSH/GST and glutathione conjugate efflux pumps that results in increased resistance to alkylating anticancer drugs such as thiotepa.